ABSTRACT: The use of live demonstrations in courses related to numerical problem solving combined with PowerPoint presentations is advocated in order to stimulate student interest and involvement and enhance learning. The proposed approach is demonstrated by solving a system of ordinary differential equations as a boundary value problem, utilizing finite difference approximations for solving partial differential equations, and investigating ill-conditioning in multiple linear regression. The educational benefits of this approach are discussed in detail. ß
INTRODUCTION
Extensive use of the computer for presentations in class, review of PowerPoint TM notes, for example, may have many undesired effects: (1) the attendance in the class session may drop as students have access to copies of the presentation in the course web site. (2) The class may become mind-numbing for students who have studied the material, and the pace may be too fast for students who did not. ( 3) The students may not appreciate the knowledge of the instructor as he/she only ''repeats what is already written on the slides.'' Felder and Brent [1] have described the undesired effects of the computer use in class as ''Death by PowerPoint'' and cautioned against the excessive use of pre-prepared PowerPoint visuals for teaching.
Live demonstrations in the classroom, on the other hand, have proven to stimulate student interest [2] and also enhance learning if the demonstration is carried out with student involvement [3] . Recent reports on successful use of live demonstrations in various disciplines include, for example, a demonstration of thermodynamics and fluid mechanics by Hill and Chen [4] , ''Supercriticality'' a demonstration of the critical point by Licence et al. [5] , and a demonstration of the formation of aerosols from biogenic hydrocarbons by Andino et al. [6] .
Live demonstrations have been traditionally used only in the physical sciences (such as chemistry and physics) because of the difficulty in visualizing abstract mathematical principles or computer algorithms. However, recent developments in computer software and hardware enable extension of the applicability of live demonstrations to the more abstract subject areas.
Following this premise, we have developed a technique for including live demonstrations in courses related to numerical problem solving. Such demonstrations are combined with the PowerPoint presentations in order to stimulate student interest and involvement and enhance learning.
One successful scenario is to first discuss the principles and assumptions for a particular problem, and then to develop the mathematical model of the problem on the chalkboard (or a tablet PC). The model can then be entered into the computer in front of the class (or be preprogrammed), and the problem can then be immediately solved using a mathematical software package. Graphical and tabular presentation of the results can serve as the basis to critical analysis and discussion of these results. Questions can then be asked in class regarding the model and expected results when parameters are changed or the model further refined. The resulting model can then be solved in class with the results serving as a basis for further discussion.
In this article, three examples are presented. In these examples a pre-prepared definition of a practical problem is presented and explained. The algorithm and the equations required for the solution are developed in a live demonstration on a chalkboard or by a tablet PC. The problem is then solved using the software packages Polymath (copyrighted by M. Shacham The particular problem [8] that is used to demonstrate this method involves the calculation of the concentration profiles in simultaneous multi-component diffusion of gases. Gases A and B are diffusing through stagnant gas C. This process involves molecular diffusion between two points, where the compositions are known. The model of the problem and the special numerical data are shown in Table 1 . The problem is specified in a format that is appropriate as Polymath input. The Polymath equation and the comments (marked by #) provide complete definition and clear documentation of the model.
Applying the Stefan Maxwell equations to this particular problem yields three differential equations representing the concentrations of components A, B, and C (lines 1À3 in Table 1 Table 2 . Observe that the value of C A at the final point (z ¼ 0.001) is À1.692EÀ05 rather than 0, and the value of C B is 0.002284 rather than the specified value of 0.002701. Thus, there is a need to develop a method for adjusting the values of N A and N B so as to obtain the correct boundary values of the variables.
In this section, the Polymath model of Table 1 is prepared in advance and used to explain the physical nature of the problem. The live demonstration includes the calculation of the initial estimates for N A and the integration of the model equations using Polymath.
Description of the Application of the NewtonÀRaphson Method for the Solution of Two-Point Boundary Value Problems
Let us define x as the vector of unknown parameters (in this particular case x ¼ (N A N B ) T ) and f as a vector of functions representing the difference between the desired and calculated concentration values at point 2, thus
The NewtonÀRaphson (NR) method can be written as
where k is the iteration number, x 0 is the initial estimate, and @f/@x is the matrix of partial derivatives at x ¼ x k . The matrix of partial derivatives can be calculated using forward differences, thus
where d j is a vector containing the value of d j at the jth position and zeros elsewhere. The iterations of the NR method are stopped when jjf(x k )jj e d , where e d is the desired error tolerance. The equations in this section are shown and explained in a live demonstration. In order to carry out the iterative solution process, a programming language (such as MATLAB) should be used.
Translating the Model Into a MATLAB Function and Implementing the NR Method to Find the Values of N A and N B
Polymath 6.1 can be used to convert the model of the problem into a MATLAB function. The Polymath generated function is shown in Table 3 . Note that Polymath reorders the equations and changes the syntax of the model according to the requirements of MATLAB. The ''main program'' that runs the Polymath generated function (shown in Table 4 ) is available as a template in the ''Help'' section of 
Polymath. Only the function name has to be added (see line 1) and the initial values of the variables had to be copied from the Polymath generated model (see lines 3 and 4). The complete MATLAB program specified in Tables 3 and 4 , when executed, should yield the same results obtained by Polymath ( Table 2 ), verifying that the MATLAB representation of the model is correct.
The MATLAB implementation of the NR method using forward differences to calculate the matrix of partial derivatives is shown in Table 5 . The modification of the programs shown in Tables 3 and 4 for iterative refinement of the N A and N B values involves replacement of lines 8 and 9 in Table 4 by the 24 lines of code shown in Table 5 , addition of N A and N B to the function parameter list (line 1 in Table 3 ), x A ¼ C A /C T ; % mole fraction of A 13
x B ¼ C B /C T ; % mole fraction of B 14 1, 2,. . ., n, the system of equations can be written as
Using this formulation of the system of equations, a sequence of approximate solutions x 1 , x 2 ,. . . can be calculated using the Jacobi method [ [9] , p. 189]
where k is the iteration number and x 0 is the initial estimate. The iterations are stopped when jjx k À x kÀ1 jj e d .
In the GaussÀSeidel method, new values of the unknowns are used as soon as they are computed. Thus,
The equations of this section are presented and explained in a live demonstration. 
Dividing the two-dimensional space into squares with edge lengths of Dx ¼ Dy ¼ 1 enables finite difference representation of Equation 7
In the particular problem solved [10] , the steadystate temperature profile in a hollow rectangular chamber (see Fig. 1 ) has to be found. The inside dimension of the chamber is 4 m Â 2 m and the outside dimension is 8 m Â 8 m. The inside walls are held at 600 K and the outside at 300 K.
Since the chamber is symmetrical, equations in the form of Equation 8 have to be written only for onefourth of the chamber. The equations, as arranged in the form appropriate for the use of the Jacobi method, are shown in lines 1À10 of the second column in Table 7 . Note that variable names have been replaced by temperature values at the boundaries and relationships based on symmetry were used to remove three of the unknown temperatures (T 0,2 ¼ T 2,2 ; T 3,6 ¼ T 3,4 ; Figure 1 Cross section of hollow chamber with square grid pattern for Example 2 [10] .
Table 7 Polymath Input for Carrying Out the First Jacobi and GaussÀSeidel Iterations for the Steady-State Heat Conduction Problem
No.
Jacobi GaussÀSeidel
and T 4,6 ¼ T 4,4 ). Variable names ending with the letter ''i'' indicate initial estimates for the temperature, and the initial estimates suggested by Geankoplis [10] are introduced in lines 11À20. In lines 21À30, the elements needed to calculate the norm of the error in the first iteration are computed. Solving this set of equations with Polymath yields the results of the first iteration of the Jacobi method. Polymath 6.1 can export the problem definition to Excel on a single key press. A slight modification of the Polymath exported problem enables carrying out additional iterations just by copying the column which contains the formulas for calculating T i,j and err i,j and pasting them into additional columns as shown in Table 8 . Note that every column represents one iteration.
To solve the problem using the GaussÀSeidel method, the equations shown in the third column of Table 7 should be used. Observe that the difference between the Jacobi and the GaussÀSeidel method is that the newly calculated unknown values are immediately being used in the later. For example, for the calculation of T22 (in line 2) the Jacobi method uses T12i while the GaussÀSeidel method uses T12, which was calculated in the previous line. The equations of the GaussÀSeidel method can be exported to Excel similarly to what was done for the equations of the Jacobi method. The iterations can be carried out and the results compared in one worksheet.
In this case, the equations shown in Table 7 are prepared in advance while the export to Excel, rearrangement and extension of the worksheet and the iterative solution are carried out as a live demonstration.
Example 3: Ill-CONDITIONING IN MULTIPLE LINEAR REGRESSION-DETECTION AND HARMFUL EFFECTS Problem Definition
Woods et al. [11] investigated the integral heat of hardening of cement as a function of composition. Some of the results reported by them are shown in Table 9 . The independent variables represent weight percent of the clinker compounds: x 1 , tricalcium aluminate (3CaOÁAl 2 O 3 ); x 2 , tricalcium silicate (3CaOÁSiO 2 ); x 3 , tetracalcium alumino-ferrite (4CaOÁAl 2 O 3 ÁFe 2 O 3 ); and x 4 , b-dicalcium silicate (3CaOÁSiO 2 ). The dependent variable y is the total heat evolved (in calories per gram cement) in a 180-day period. Two multiple linear regression models, 4 are the model parameter estimates and x 0 is a vector whose components are unity (included in the model only in case of non-zero y intercept). The model parameter estimates can be calculated using the least-squares method by solving the ''normal'' equation
where
T . The indicators (see, e.g., [12] ) that can be used to check the appropriateness, accuracy, and stability (conditioning) of the model are the residual plots, variances, linear correlation coefficients, confidence intervals and the eigenvalues and condition numbers of the normal matrices. The harmful effects of illconditioning can be demonstrated by carrying out the regression after removing a data point.
In this section, the data and the problem definition are prepared in advance while the equations are developed in a live demonstration.
Analysis of the Two Regression Models
The parameters of the various models and the qualityof-fit indicators can be calculated with Polymath and MATLAB in a live demonstration. Partial results of this analysis are presented in Figure 2 and Table 10 . The random distribution of the residuals in Figure 2 shows that the linear model represents the data adequately. However, the results in Table 10 show that the regression model with the non-zero intercept is very unstable (ill-conditioned). The instability is reflected in the values of the 95% confidence intervals all of which are larger than the respective parameter values and the seven order of magnitude difference between the maximal and minimal eigenvalues of the normal matrix (condition number ¼ 3.64E7). In contrast, the zero-intercept model is stable with much smaller values of the confidence intervals and the condition number.
The harmful effects of the instability can be demonstrated by carrying out the regression when the last data point is removed from the set. In this case, the parameter values obtained for the non-zero intercept model are: 
CONCLUSIONS
A new approach for incorporating the computer in classroom teaching has been demonstrated. In the courses where this approach has been implemented, the following educational benefits have been observed:
The use of real-life problems for demonstration increases considerably the student motivation to study mathematical modeling and numerical methods as they understand better the need for learning these subjects. The development of the key algorithms and equations on the chalkboard (or the tablet PC) enables more extensive clarification of unclear points and gives the student more time to absorb and understand the new material.
Students are very impressed with the live demonstrations that include solution of complex problems with a few key-presses using the various software packages. The conversion of a complex algorithm to a working program and the presentation of graphical and tabular results in a few minutes seem to many of them as a ''magic.'' Consequently, their interest in the course and their appreciation of the instructor's expertise increase considerably.
The proposed approach helped to bring back the students to the classroom and it provides many educational benefits in addition to avoiding ''death by PowerPoint.'' 
